Type 2 diabetes (T2D) is an increasing health problem worldwide with particularly high occurrence in specific subpopulations and ancestry groups. The high prevalence of T2D is caused both by changes in lifestyle and genetic predisposition. A large number of studies have sought to identify the genetic determinants of T2D in large, open populations such as Europeans and Asians. However, studies of T2D in population isolates are gaining attention as they provide several advantages over open populations in genetic disease studies, including increased linkage disequilibrium, homogeneous environmental exposure, and increased allele frequency. We recently performed a study in the small, historically isolated Greenlandic population, in which the prevalence of T2D has increased to more than 10%. In this study, we identified a common nonsense variant in TBC1D4, which has a population-wide impact on glucose-stimulated plasma glucose, serum insulin levels, and T2D. The variant defines a specific subtype of non-autoimmune diabetes characterized by decreased post-prandial glucose uptake and muscular insulin resistance. These and other recent findings in population isolates illustrate the value of performing medical genetic studies in genetically isolated populations. In this review, we describe some of the advantages of performing genetic studies of T2D and related cardio-metabolic traits in a population isolate like the Greenlandic, and we discuss potentials and perspectives for future research into T2D in this population.
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Keywords: type 2 diabetes · population isolate · linkage disequilibrium · GWAS · genetic drift · loss of function 1. Prevalence of type 2 diabetes ver the past three decades, the global prevalence of type 2 diabetes (T2D) has increased dramatically [1] . Projections estimate that 592 million people will have T2D in 2035 [2] . Thus, T2D is a serious worldwide health problem. In countries such as India, Brazil, and China, the prevalence is increasing dramatically along with major changes in socioeconomic status of large proportions of the population [2] . A major cause for T2D increment is the complex societal change consisting of urbanization and lifestyle change characterized by physical inactivity, increased food in-take, and changed food composition. Furthermore, genetic and epigenetic factors contribute to the epidemic, probably in a complex manner interacting with lifestyle and environmental factors [1] .
Some populations and ancestry groups feature specific subtypes of T2D [3] . Pima Indians in Arizona represent a classic and well-studied example with a very high prevalence of T2D. Clinically, their diabetes appears to be a subtype of T2D, characterized by obesity, insulin resistance, and a relative insulin deficiency [4, 5] . The increase in prevalence among Pima Indians has occurred along with a transition from a traditional lifestyle with limited food supply and high physical activity to a modern, sedentary lifestyle with a consistent food supply. The Pima Indian population is a population isolate, i.e. the population is derived from a small number of individuals who became isolated, and have remained isolated to a certain degree for many generations. In general, such populations may show a unique profile of rare diseases [6] , and their prevalence of common diseases, such as T2D, may also be significantly different from larger, open populations, such as Europeans and Asians. This is especially true when the environment and lifestyle of the isolated population change rapidly under the influence of the modern western lifestyle. As in other populations, some diseases in isolated populations are due to specific genetic variants causing monogenic disease. Other diseases are of a more complex nature, but welldefined molecular subtypes of common diseases are more likely to be present in isolated populations.
The Greenlandic population is another population isolate. As defined by the World Health Organization (WHO) 1999 criteria [7] , the prevalence of T2D has increased in Greenland from a very low level in the 1960s to more than 10%, as estimated from two population-based investigations conducted in 1999-2010 [8, 9] . As such, the prevalence of T2D is on the same level as in India and twice as high as in Denmark [2], a country that is politically and culturally linked to Greenland. The increase in T2D prevalence in Greenland can be attributed to several factors. Importantly, the rapid societal change leading to a major change in lifestyle probably plays an important role. However, while urbanization in most other populations is associated with an increased T2D risk, the prevalence of T2D in Greenland has been found to be higher in rural than in urban areas [10] . Furthermore, the results of studies of dietary intake are counterintuitive as Greenlanders eating a traditional Inuit diet with a high content of marine mammals and fish have the highest prevalence of T2D [11] . Changes in traditional lifestyle risk factors therefore do not fully explain the high T2D prevalence. Genetic risk factors may cause some of the high risk of T2D in the Greenlandic population, and may possibly explain some of the surprising epidemiological findings.
Genetic characteristics of the Greenlandic population
Despite being the largest island in the world, Greenland has historically been sparsely populated because of its inhospitable environment, with the result that the current population consists of less than 60,000 individuals only. Greenland was one of the last areas on Earth to be populated by humans, and the Inuit ancestors of modern Greenlanders did not arrive in Greenland until less than 1,000 years ago [12] . They migrated to Greenland from the northern part of Canada [12, 13] , and lived in the Arctic for thousands of years before reaching Greenland. It is likely that they have adapted both culturally and genetically to the extreme environmental conditions of this region [14] . Historically, both before and after they reached Greenland, they were a small population that lived in isolation. However, in recent centuries, they have admixed with Europeans, which has led to a relatively high proportion of genetic European ancestry in modern Greenlanders. The average proportion of European ancestry is 25%, and more than 80% of modern Greenlanders have some European ancestry [13] . However, the amount of recent European ancestry varies across Greenland, and is far smaller in the more historically isolated areas in the north and east and in the small villages in the south of Greenland [13] .
The fact that the Greenlandic population is a historically small and isolated population has the Abbreviations: following consequences for its genetic characteristics and thereby for genetic mapping of diseaseassociated variation:
1. Linkage disequilibrium (LD) is markedly higher in the Greenlanders than in Europeans, although the recent European admixture has reduced LD significantly, except in the ancestral Inuit population [13] . This higher LD makes indirect association mapping more efficient. 2. The Greenlandic population harbors less DNA nucleotide variability than larger open populations, and most variants are either common or absent. The reasons for this are founder effects and increased genetic drift. Founder effects lead to loss of genetic variation. They appear when a new population is founded by a very small number of individuals separated from a larger population. In contrast, increased genetic drift results from historic isolation and small size. Importantly, this implies that relatively few rare alleles are observed in the Greenlandic population. Therefore, disease-causing variants, if not absent in Inuits, will have a higher probability of being common and thereby of holding increased statistical power of association mapping in the Greenlandic population compared to large, open populations. In other words, the history of the Greenlandic population provides several advantages in genetic disease studies including genome-wide association studies (GWAS). These advantages are, at least to some extent, shared with other population isolates.
GWAS in population isolates
In the past decade, GWAS in large, open populations such as Europeans and Asians have proven highly successful in identifying common variants associated with complex diseases and traits, among them T2D and related metabolic traits [15] [16] [17] [18] [19] [20] . Developments in genotyping and sequencing technologies have further enabled the study of lowfrequency and rare genetic variation [18, 21, 22] . However, given that most loci contribute only modest effects in the studied populations, the sample sizes required to obtain sufficient statistical power are enormous, reaching >500,000 European or Asian individuals. Disease-causing variants that are rare in large populations may have higher allele frequencies in population isolates like the Greenlandic population. Studying population isolates may thus provide sufficiently high statistical power to detect the variants by using a much lower number of individuals. This phenomenon has been observed in several association studies performed in population isolates. For instance, a nonsense variant (p.Arg19Ter) in APOC3 has been shown to associate with decreased circulating triglyceride levels and lower risk of cardiovascular disease in Europeans [23, 24] and in a Greek isolate [25] , and with decreased circulating triglyceride levels in an Amish population isolate living in the mid-west USA [26] . Importantly, while the variant is rare in Europeans, 3-5% of individuals in the two isolates are heterozygous carriers, which increases statistical power for association in these populations enormously. In fact, while more than 75,000 individuals were necessary to establish the effect in Europeans, less than 1,500 individuals were needed to detect the effect in the Greek population isolate.
Similar observations have been reported in studies of T2D. In the Mexican and Mexican-American population, variants in SLC16A11, which are common in these populations, but rare in Europeans, were found to be associated with a modest increase in T2D prevalence [27] . Furthermore, a whole exome sequencing-based study identified a rare missense variant, which has a high impact on T2D (OR ~5) [28] . This variant is located in HNF1A, a gene in which damaging mutations are known to cause MODY subtype 3 [29] . The variant was also observed at an allele frequency of 2.1% in T2D cases and 0.36% in control individuals in the Mexican population [28] . In comparison, it was found only in 2 of 32,990 non-Finnish Europeans sequenced as part of the Exome Aggregation Consortium [30] . In studies of European isolates, genetic associations with T2D have also been detected. Large-scale sequencing and genotyping studies have been performed in the Icelandic founder population [31] , and these efforts have led to the identification of numerous associations of sequence variants with complex diseases, among them both common and rare variants associated with T2D [32, 33] . Many of these findings can be extrapolated to the general European population because of genetic similarity, although population-specific rare alleles have also been detected [33] .
Together, these studies show that GWAS in population isolates can be a powerful approach to identify disease-causing variants that are rare in the more commonly studied large, open European and Asian populations. This phenomenon also ap-plies to the study of the Greenlandic Inuit population, which is a founder population, and shares some advantages with other founder populations. However, it is important to note that the Greenlandic population is different from well-studied founder populations (such as the Finnish and the Icelandic) in at least one way: the well-studied founder populations are all genetically comparable to at least one large population, whereas the Greenlandic Inuit population does not have a close genetic relation to a large population. Let us consider the genetic relations between Greenlanders, Europeans, and Han Chinese. Based on F st , a common measure for population differentiation, Han Chinese represent one of the large populations that is genetically closest related to Greenlandic Inuit, but they are even more closely related to Europeans than to Greenlandic Inuit [13] . A key reason for this genetic differentiation is the fact that the Greenlandic population has been small and isolated for a much longer period than the other populations.
The p.Arg684Ter nonsense variant TBC1D4 identified in Greenland imposes high effects on glycemic traits
As a part of population-based health surveys, more than 4,000 Greenlanders were investigated in two cohorts, the Inuit Health in Transition (IHIT, n = 2,733) and the Greenland Population Study 1999 (B99, n = 1,331) [8, 9] . In these surveys, T2D-related phenotypes were collected, including data from an oral glucose tolerance test (OGTT) in most individuals. In initial studies to discover specific risk variants associated with T2D and T2D-defining phenotypes, we performed a genetic association study of variation on the Me-taboChip [34] in relation to fasting and 2-h plasma glucose and serum insulin during an OGTT. Using data from the IHIT cohort, we discovered an intronic variant in TBC1D4, which was associated with plasma glucose and serum insulin 2 h after an oral glucose load, and we were able to replicate these associations in the B99 cohort [35] . Exome sequencing in a small subset of the population revealed that the identified associated variant was in high LD with a nonsense TBC1D4 p.Arg684Ter variant not included in the MetaboChip [35] . After genotyping of the TBC1D4 p.Arg684Ter variant in both cohorts, we showed that it was almost certainly the causal variant, and that it mainly imposes increased phenotypic values for homozygous carriers. Approximately 4% of the Greenlanders have two copies of p.Arg684Ter. On average, these individuals had 3.8 mmol/l higher 2-h plasma glucose and 160 pmol/l higher 2-h serum insulin during the OGTT.
Interestingly, the effect of TBC1D4 p.Arg684 Ter observed on 2-h plasma glucose-1.1 mmol/l (equal to 0.35 SD) per allele in an additive model and 3.8 mmol/l (equal to 1.2 SD) in a recessive model-is higher than previously reported for common variants on complex traits and several times higher than previously seen for 2-h plasma glucose. Figure 1 compares the effect of TBC1D4 with variants previously reported for 2-h plasma glucose in European ancestry individuals [19, 36] , and shows that the effect of the TBC1D4 nonsense variant is approximately 10-and 40-fold higher than previously established 2-h plasma glucose loci in an additive and a recessive model, respectively. [19, 36] in mmol/l as a function of minor allele frequency (as a function of risk genotype frequency, assuming a recessive model). The effect sizes are reported on a log-scale. The TBC1D4 variant is plotted assuming both an additive and a recessive model.
The TBC1D4 p.Arg684Ter variant defines a subtype of type 2 diabetes characterized by isolated peripheral insulin resistance
We performed additional association studies showing that the prevalence of T2D (diagnosed according to WHO 1999 guidelines [7] ) in carriers of two copies was much higher than in the group of heterozygous carriers and non-carriers (53.1% vs. 9.5%, OR 10.3). This large effect size made it possible to achieve genome-wide statistical significance for association with T2D both in the IHIT discovery cohort with only 223 T2D cases (p = 1.6 x 10 -24 ) and in the replication B99 cohort using only 79 T2D cases (p = 4.6 x 10 -12 ) [35] . Also, homozygous carriers of p.Arg684Ter had a 1 SD decreased insulin sensitivity estimated by the Gutt insulin sensitivity index [37] . Interestingly, while 2-h plasma glucose and 2-h serum insulin were increased, carriers of the p.Arg684Ter variant had decreased fasting plasma glucose and serum insu-lin, although with markedly smaller effect sizes than for the glucose-stimulated levels. The TBC1D4 p.Arg684Ter nonsense variant is located in an exon that is spliced out in the short isoform of TBC1D4, and therefore theoretically it affects the long isoform only. The long isoform is primarily expressed in skeletal muscle, and homozygous carriers of the variant have nearly immeasurable mRNA and protein expression levels of the long isoform of TBC1D4. Furthermore, these individuals had decreased GLUT4 protein expression [35] .
TBC1D4 encodes a protein that acts as a mediator of insulin-stimulated glucose uptake in the cell through its GTPase-activating domain and interactions with Rab proteins. The protein increases GLUT4 translocation when its GTPase activity is inhibited by Akt phosphorylation [38] . It has previously been shown that Tbc1d4 -/knockout mice have decreased basal plasma glucose levels, are resistant to insulin-stimulated glucose uptake in muscle and adipose tissue, and have overall markedly lower GLUT4 levels compared with wildtype littermates [39, 40] . TBC1D4 may also play a role in the insulin-sensitizing effects of exercise [41] , as exercise training has been shown to restore TBC1D4 phosphorylation in skeletal muscle from T2D patients [42] . In conclusion, our findings suggest that TBC1D4 p.Arg684Ter in homozygous carriers imposes a reduced insulin-stimulated translocation of GLUT4 to the cell membranes of skeletal muscle, which leads to post-prandial hyperinsulinemia and hyperglycemia. Thus, the variant causes isolated peripheral insulin resistance and eventually T2D.
Constitutive recycling of GLUT4 causing an elevated level of GLUT4 in the muscle cell membrane in the fasting state is probably responsible for the decreased fasting levels of glucose and insulin. Whereas regular T2D is characterized by pathophysiologic defects in multiple organs, each contributing to overt disease, the identified homozygous carriers of the TBC1D4 variant seem to suffer from a subtype of T2D featuring a tissuespecific molecular defect. Figure 2 shows fasting and 2-h plasma glucose levels of p.Arg684Ter allele carriers with T2D in the Greenlandic cohorts. These data show that homozygous TBC1D4 p.Arg684Ter carriers are almost always diagnosed with T2D-because of elevated 2-h plasma glucose levels-compared with homozygous p.Arg684Ter non-carriers and heterozygous carriers. Also, it is remarkable that many of the homozygous carriers with T2D have rather low fasting plasma glucose levels, although patients with simultaneously elevated 2-h and fasting plasma glucose also exist Data are from the 172 individuals with screen-detected T2D from the IHIT cohort for whom genotype information for this specific variant was available. T2D was diagnosed according to WHO 1999 criteria [7] based on fasting and 2-h plasma glucose values. (Figure 2) . These observations underline the specific nature of this T2D subtype. Given the large effect size of the variant (88% of homozygous carriers above 60 years of age have T2D), it acts almost as a monogenic Mendelian disease-causing variant, which is not rare but quite common, with ~4% of the population being homozygous carriers.
The discovery of such a T2D subtype has the following implications:
1. Defining a subtype of T2D may have specific implications for treatment and prognosis of the disease, although such knowledge is still lacking. 2. Given the single molecular defect in patients with this T2D subtype, this finding enables detailed studies of biological and physiological mechanisms in humans.
Epidemiological investigations of the long-
term risks associated with this subtype will help to elucidate the relationship between intermediary risk factors, such as isolated postprandial hyperglycemia, and disease endpoints.
T2D is known to impose a risk of cardiovascular disease (CVD), but it has been discussed whether fasting plasma glucose levels, 2-h OGTT plasma glucose, or HbA1c are better predictors for CVD risk [43] [44] [45] . Homozygous carriers of the TBC1D4 p.Arg684Ter variant have isolated post-prandial hyperglycemia. Their cardiovascular risk profile can therefore be regarded as empirical evidence for the risk associated with lifelong elevated postprandial glucose.
TBC1D4 p.Arg684Ter -the effect of genetic drift or positive selection
Given the large effect of the variant in TBC1D4 on 2-h plasma glucose, 2-h serum insulin, insulin sensitivity, and T2D it is questionable how and why the variant has a frequency as high as ~17%, with ~4% of the Greenlandic population even being homozygous carriers. According to estimates, the allele frequency in the ancestral Inuit population was even higher (~23%), while the variant was found as a single copy in only 3 out of ~60,000 individuals in the data set of the Exome Aggregation Consortium [30] .
There are several possible explanations for how the variant could reach such a high frequency:
1. It is plausible that the high frequency of the variant is due to random genetic drift, which in small populations, like Greenlandic Inuit, has a rather strong impact on allele frequencies. As described, few variants segregate at low frequency in this population; variants are either lost or driven to high frequency [13] .
2. The high allele frequency of the TBC1D4 variant could also be due to effects of positive selection favoring the variant. While the current interpretation of the TBC1D4 p.Arg684Ter variant is that it is associated with risk of insulin resistance and T2D, the impact on disease endpoints may well have been different in the context of the traditional Inuit diet. Since the variant decreases glucose uptake into skeletal muscle cells, and causes post-prandial hyperglycemia, it may have been an advantage to have the variant when living on a diet high in protein and fat, but low in carbohydrates. Therefore, the variant could have increased in frequency over generations because of positive selection, even though in modern Greenlandic society, it poses a high risk of T2D. We presented suggestive evidence that this is actually the case by showing decreased variability at this locus [34] . However, future studies of selection and interaction between genotype and diet are needed to clarify this question.
Genetics of glycemic traits -similarities between the European, Asian, and isolated Greenlandic population
Over the past decade, GWAS with a high number of individuals have detected numerous genetic loci associated with T2D and glycemic traits related to T2D in the European population [15-17, 19, 20] . These loci are primarily represented by common variants, which have rather modest individual effects on diseases and traits. Furthermore, the causal genetic variant and gene have not been identified for most of the detected loci. Previous studies have shown that variants associated with T2D in Europeans are largely transferable to other large populations such as the East and South Asian [17] . However, it is unknown whether the same alleles are associated with metabolic phenotypes in the Greenlandic population. Thus far, ~45 variants have been shown in GWAS to associate with fasting plasma glucose [19, 20, 46] or with 2-h plasma glucose after OGTT [20, 36] . Figure 3 shows the effects of the variants associated with fasting glucose and 2-h glucose seen in patients from the Danish Inter99 cohort (n ≈ 5,700), which is a European cohort, and the Greenlandic IHIT cohort (n ≈ 2,900). Only variants associated with the trait are included in the plot, assuming an additive genetic model (p < 0.01, for joint analysis of Greenlandic IHIT and Danish In-ter99). The effect of each variant was assessed, using a method that provides effect size estimates for Europeans on the one hand and unmixed Greenlandic Inuit on the other [47] . These data show that most loci have comparable effects in the European ancestry component and the Greenlandic Inuit population (Figure 3) . Variants in the MTNR1B, GCK, DGKB, GCKR, and G6PC2 loci, which are the most impactful fasting glucose loci in Europeans [46] , show comparable effects in the Greenlandic Inuit population. However, even though their effect per allele is comparable, their impact on the population, i.e. the amount of heritability explained by the variant (which is proportional to statistical power), is very different in several cases. For example, the CDKN2B and GCKR variants have much higher minor allele frequencies (MAF) in Greenlandic Inuit than in Europeans, and thus have a much greater impact on the Greenlandic population. The opposite is true for the ADCY5 and TCF7L2 variants, which have a higher MAF in Europeans than in Greenlandic Inuit. For variants associated with 2-h plasma glucose, the risk variant in TCF7L2 has effect estimates pointing in the opposite direction in the two populations. However, the two effects are not significantly different (Figure 3) . Thus, previously described glycemic risk variants seem to have comparable effects per allele in Greenlandic Inuit and Danish Europeans, but their impact on the two populations differs.
Characterization of human loss-of-function variants in isolated populations
Homozygosity of the nonsense variant in TBC1D4 is similar to a tissue-specific knockout of the long isoform of TBC1D4, as evidenced by the measurement of mRNA and protein levels in skeletal muscle. In rodent animal models, creating homozygous knockouts has long been a key procedure in understanding the biological and physiological role of specific genes and proteins. While this remains an important tool, differences between mice and men may disrupt biological translation to humans. In the light of this problem, finding humans with homozygous loss-of-function variants is very valuable, because detailed physiological investigations of such individuals can shed light on gene functions in humans, and potentially pave the way for novel treatment targets in human diseases. Figure 3 . The effect of variants reported to associate with glycemic traits in Europeans and Greenlandic Inuit. The effects were estimated for the ancestral population using AsaMap [47] . Only variants associated with the trait in an additive model (p < 0.01, for joint analysis of Greenlandic IHIT and B99 (n = 3693 and n = 3437) and Danish Inter99 (n = 6116 and n = 5774)) for fasting and 2-h plasma glucose respectively were included in the plot. No assumptions of similar effects of the rare allele in the two populations were made in this test, and therefore opposite effects in the two populations can still provide a statistical significant association. The effect sizes are given in standard deviation (SD) for the reported risk allele, following a rank-based inverse normal transformation. The risk allele frequency (RAF) is shown for Europeans, Greenlandic Inuit, and the admixed Greenlandic population. The variants included in the plot are: SLC30A8 rs11558471 (A/G), DGKB rs2191349 (T/G), GCKR rs780094 (C/T), ADCY5 rs11708067 (A/G), CDKN2B rs10811661 (T/C), GCK rs4607517 (G/A), G6PC2 rs560887 (G/A), MTNR1B rs10830963 (C/G) and TCF7L2 rs7903146 (C/T). In parentheses are the major/minor alleles mapped on the plus strand with the risk allele in bold face.
A prime example of successful identification and translation of loss-of-function variants is the PSCK9 locus. Individuals with very low LDLcholesterol levels were found to be homozygous carriers of loss-of-function variants in PCSK9 [48] , which led to the development of a novel class of cholesterol-lowering agents as alternatives or adjuvants to statins. In fact, clinical trials have shown that a significant LDL cholesterol-lowering effect is induced by the treatment with monoclonal antibodies against PCSK9 [49] .
Although whole-genome and whole-exome sequencing of a large number of European individuals show that each individual harbors approximately 400 loss-of-function variants, most of these disruptive alleles are rare in Europeans [50] , making investigations of homozygous human loss-offunction mutation carriers particularly challenging. For example, 40,000 individuals will have to be investigated to identify one homozygous carrier of a loss-of-function allele, which is carried by 1% of the population (MAF ~0.5%). If the frequency of the loss-of-function allele decreases, the required sample size to identify a homozygous loss-offunction allele carrier increases exponentially.
While investigations of heterozygous loss-offunction variants may be of interest, as exemplified on several occasions [51] , it adds significant complexity to the biological interpretation since the functioning allele may rescue or alter gene function. One way to address the problem of the extremely low frequency of homozygous loss-offunction carriers is to study population isolates, where founder effects and genetic drift can make such individuals occur more frequently. Indeed, a large set of rare homozygous loss-of-function carriers in the Icelandic population was recently reported, showing that 7.7% of genotyped Icelanders are homozygote or compound heterozygote carriers of loss-of-function variants with a MAF below 2% in 1,171 genes [52] . Similarly, mapping of loss-offunction mutations in Finns showed that, despite fewer variable sites, the average Finn has more low-frequency loss-of-function variants and complete gene knockouts than non-Finnish Europeans [53] .
Given the previously described differences between the Icelandic, Finnish, and Greenlandic population, we expect that the frequencies of such variants may be even higher in the Greenlandic population. This can be explained by the higher likelihood of disruptive alleles occurring at higher frequencies in populations that have been small and isolated for a long time. For this reason, the Greenlandic population may be of great value in the context of loss-of-function studies. A forthcoming endeavor will be to map systematically the potential loss-of-function alleles present at sufficient frequency in this population. During this procedure, homozygous carriers can be found, characterized after recall-by-genotype principles, and physiologically evaluated with statistical confidence.
Perspectives
Studies of population isolates like the Greenlandic are most suitable to contribute important new discoveries in the era of sequence-based association studies and loss-of-function studies. The advantages of studying population isolates include increased statistical power due to increased LD and higher allele frequencies. These advantages have been well-documented, and have recently been demonstrated through successful identification of complex trait loci.
While the effect of some of these identified loci can be readily translated to other populations, other findings are population-specific. Notably, such loci can still identify the potential pathways involved in the pathogenesis of clinical traits and diseases, as illustrated by the TBC1D4 variant identified in Greenland. This can in turn generate new knowledge of general disease mechanisms, and may eventually lead to new drug targets. Therefore, we believe that future large-scale efforts to combine genome-wide data from a number of isolated populations will add to the interpretation of the genetic impact on metabolic diseases and T2D across isolated populations.
